All chemicals were purchased from commercial vendors and used without further purification. Dibenzocyclooctyne-sulfo-N-hydroxysuccinimidyl ester (DIBAC-sulfo-NHS) was purchased from Sigma-Aldrich, dissolved in DMSO to a concentration of 100 mM, and stored at -20 °C. All DNA strands were purchased without additional purification from Integrated DNA Technologies (IDT), dissolved at 1 mM in water, and stored at -20 °C prior to use. APTES-coated glass coverslips were purchased from SCHOTT.
two volumes of the azido-peptide (either F az GGRGDS or F az GGRGES) as a 1 mM solution in water, for a final concentration of 333 µM DNA and 667 µM peptide (2 eq.). Sodium chloride was added to a final concentration of 100 mM and the reaction mixture was gently agitated overnight. Following reaction, excess peptide was removed by spin-concentration three times (Amicon Ultra spin concentrators, 3,000 Da molecular weight cutoff, Millipore) using 50 mM triethylammonium acetate (TEAA) buffer, pH 7, prior to purification by reverse phase HPLC.
DNA-peptide purification:
The DNA-peptide conjugates were purified using reverse phase HPLC (Agilent 1260 Infinity, DIKMA Inspire C18 column (5 um, 250 x 4.6 mm)) using a gradient of organic buffer B (90% acetonitrile in water, + 50 mM TEAA, pH 7) in water + 50 mM TEAA, pH 7 (buffer A). The TEAA buffer is critical for desalting the DNA (through the use of a spin concentrator, as described above) and for its retention on the C18 column. Separation was achieved using a gradient of 0-40% buffer B over 30 minutes, and DNA was detected by monitoring absorbance at 260 nm. As shown in Figure S2a , unmodified s1a-3'amine eluted at 10-11 min, whereas the s1a-3'RGDS conjugate eluted at 17-18 min. The s1a-3'RGES conjugate had an identical trace to the RGDS conjugate. While it was possible to isolate the DNA-cyclooctyne conjugate by reverse phase HPLC prior to reaction with the azido-peptides, we found that no intermediate purification was necessary, and the unmodified s1a-3'amine DNA did not interfere with the click reaction. The purity of the DNA-peptide conjugates was confirmed by electrospray ionization mass spectrometry in negative mode (ESI-MS, Agilent 6510 Q-TOF).
Nanotube annealing: To form the DNA nanotubes, equal amounts of all constituent strands (25 µM) were mixed in TAE/Mg buffer, pH 8.3 (40 mM Tris, 20 mM acetic acid, 1 mM EDTA, 12.5 mM Mg(OAc) 2 ). The mixture was annealed from 95 °C to 25 °C over 5 h. After annealing, the solutions were stored at 4 °C prior to coating the APTES slides. All DNA samples were used within 12 h of annealing to coat slides.
Conventional TEM imaging:
Following annealing, DNA nanotube solutions were applied to copper mesh TEM grids (Electron Microscopy Science) for 5 min. Following wicking and rinsing with water, the grids were stained with 2% uranyl acetate solution (twice for 30 s) and dried for 15 min prior to imaging. Grids were imaged with a FEI Spirit G2 TEM.
Cryogenic TEM imaging: Cryo-TEM images were acquired on a JEOL 1230 microscope operating at an accelerating voltage of 100 kV. Samples were prepared on a 300 mesh copper grid with either a lacey carbon support or QUANTIFOIL®-Holey carbon support (Electron Microscopy Sciences). The grids were first treated with air plasma (Harrick Plasma) for 30 s prior to use. Then, the solution (6.5ul, 25 µM total DNA concentration after annealing, in TAE/Mg buffer) was deposited on a grid, blotted using a Vitrobot Mark IV (FEI) vitrification robot at 90-100% humidity, and vitrified by plunging the grid into a liquid ethane reservoir. The samples were placed into a Gatan 626 cryo-holder under liquid nitrogen, and a Gatan 831 bottom-mounted CCD camera was used to acquire the image.
Surface coating: Nanotube solutions following annealing (25 µM total DNA concentration) were drop-cast on APTES-modified slides and incubated at 37 °C overnight to allow adhesion on the surface. Following incubation, the solution was removed and the slides were rinsed twice with sterile PBS prior to cell plating.
Fluorescence imaging: Fluorescent DNA nanotubes and controls were prepared by incorporating a 3' fluorescein dye in the strand s3. Following annealing, the DNA solutions were coated on APTES-modified slides by drop-casting as described in the surface coating section. Images of the coatings were obtained using an inverted confocal laser scanning microscope (Nikon A1R) working under 60X oil immersion objective. A Z-series stack was acquired to estimate the approximate thickness of the coating.
Fibroblast adhesion experiments: NIH-3T3 murine embryonic fibroblasts were maintained in Dulbecco's modified Eagle's medium (DMEM) with high glucose supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (P/S) and passaged every 3 days. Cells were plated on APTES coverslips coated with either bare-NT, RGDS-NT, or no coating and left to adhere and spread for 3 h at 37 °C and 5% CO 2 . Following adhesion, the culture medium was removed and cells were fixed by exposure for 15 min to 4% paraformaldehyde in PBS. The cells were washed three times with PBS and incubated for 5 min with 0.4% Triton-X to permeabilize the cell membrane. The cells were washed three times with PBS and stained with AlexaFluor-488 conjugated phalloidin to stain the actin filaments and 4',6-diamidino-2-phenylindole (DAPI) to stain the nuclei.
After staining the cells, the coverslips were mounted and imaged using a TissueGnostics cell imaging and analysis system mounted to an upright microscope (TissueFaxs). Morphological quantification of the cells was performed on phalloidin-stained images obtained at 20x objective magnification (TissueGnostics). Acquired images were thresholded using ImageJ software (NIH) and analyzed using routines written in ImageJ software. Projected cell surface area was defined by the phalloidin positive pixels occupied by a cell. For accurate comparison, quantification was performed on at least 250 randomly selected cells from two independent coverslips. Cell morphology data sets were tested for statistical significance using a one-way ANOVA with Bonferroni correction.
Neural stem cell (NSC) experiments:
NSCs were isolated from postnatal day 1 mouse subventricular zone and grown as neurospheres in suspension in EGF-containing NSC media with passages every 4 days until three passages had been completed. Upon the third passage, dissociated cells were plated on top of either bare or DNA-coated coverslips at a density of 50,000 cells/ml in very low EGF concentration (0.5 ng/mL) and allowed to differentiate for 7 days. Coverslips were harvested by fixation in 4% paraformaldehyde and immunocytochemistry to identify neurons (with anti-MAP2), astrocytes (with anti-GFAP), and progenitor cells (with anti-Nestin) was performed. Cells were scored as an astrocyte or neuron based on expression of GFAP or MAP2, respectively, and taken as a percentage of the DAPI in each field. Areas of overlapping cells in aggregates were disregarded in order to avoid the confounding effect of cell-cell contact on differentiation. At least 500 cells were counted for each condition in each independent experiment. p values were calculated based on ANOVA.
DNA sequences:
The DNA sequences used for construction of the systems described were adapted from Ref. 31. Sequences with a 3' amine for peptide conjugation had a 5T spacer appended at the 3' end, followed by IDT's C6 spacer and the amine modification. Unreacted s1a-3'amine elutes at 10-12 min, whereas the DNA-peptide conjugate elutes at 22-23 min. The trace shown is for the s1a-3'RGDS conjugate; the chromatograph of the s1a-3'RGES conjugate is identical. The identity of the DNA-peptide constructs was verified using ESI-MS. Both the s1a-3'RGDS (b) and s1a-3'RGES (c) conjugates were isolated as highly pure materials, with no unmodified DNA or free peptide. 
